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FIG. J 



(54) Dual band mobile station employing cross-connected transmitter and receiver circuits 

(57) A multi-mode radiotelephone (10) includes at 
least one antenna (12) for transmitting and receiving RF 
signals within at least two frequency bands. The radio- 
telephone also includes a first receiver (30, 34) having 
an input coupled to the antenna for amplifying and 
down-converting RF signals within a first frequency 
band and a second receiver (30a, 34a) having an input 
coupled to the antenna for amplifying and down-con- 
verting RF signals within a second frequency band. The 
radiotelephone further includes a first transmitter (44, 
46, 48) having an output coupled to the antenna for up- 
converting and amplifying RF signals within the first fre- 
quency band and a second transmitter (44a, 46a, 48a) 
having an output coupled to the antenna for up-convert- 
ing and amplifying RF signals within the second fre- 
quency band. In accordance with this invention the first 
receiver and the second transmitter are disposed within 
a first circuit package (29a), and the second receiver 
and the first transmitter are disposed within a second 
circuit package (29b). The first and second circuit pack- 
ages may be integrated circuits or hybrid (e.g., thick or 
thin film) circuits. 
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Description 

This invention relates generally to radiotelephones 
and, in particular, to dual band radiotelephones or mo- 
bile stations such as those capable of operation with a 
cellular network. 

The demand for so called dual mode terminals or 
stations is expected to increase with time. In the United 
States of America there is presently at least one system 
which supports dual mode operation, i.e., digital TDMA 
and analog FM (1S-1 36). As the systems such as GSM, 
PCS, and DECT become more widely used there is ex- 
pected to be a need to. have mobile stations which sup- 
port two modes of operation, such as GSM and PCS, or 
GSM and DECT. A proposed third generation mobile tel- 
ecommunication systems, such as UMTS (in ETSI) or 
FPLMTS (in CC1R), is under development, and these 
systems will most likely also require some type of dual 
mode operation. 

When discussing a dual mode telecommunications 
system there are several different ways to define what 
is meant by "dual mode". The modes between which 
switching is possible may be analog/digital, or low/high 
carrier bit rate, or frequency/time division duplex (FDD/ 
TDD), or simply from one frequency band to another. 
Various combinations of these parameters can also be 
encompassed by a dual mode mobile station (e.g., an- 
alog/digital and frequency band 1 /frequency band 2). In 
this patent application the parameters of most interest 
are duplexing mode and/or frequency band changes. 

In many mobile stations a number of discrete sem- 
iconductor devices are used to construct the radio fre- 
quency (RF) circuitry of the transmitter and receiver. 

However, when multiple frequency bands are re- 
quired, a mobile phone manufacturer is presented with 
the problem of fitting the electronics, and especially ra- 
dio frequency circuits, into a convenient and small vol- 
ume package or case. To avoid an increase in the size 
of a handheld mobile station, some integration of com- 
ponents is preferably accomplished. 

The use of integrated RF circuits is one common 
technique to save space while reducing the packaging 
volume and power consumption of the handheld mobile 
station. However, problems arise when the same inte- 
grated circuit is used for both analog and digital mode 
transmissions due to cross-talk problems within the in- 
tegrated circuit. This cross-talk problem is compounded 
when a multiple frequency band architecture is em- 
ployed. Although described primarily in the context of 
integrated circuits, the same problems can exist when 
using thick film or thin film hybrid RF circuit packages. 

The frequency bands of interest may be widely 
spaced apart (e.g., 800 MHz and 1900 MHz), or they 
may be quite close together and even overlapping. Fur- 
thermore, within a band of interest, and for a duplex 
mode such as is used in conventional AMPS, transmis- 
sion and reception occurs simultaneously at two differ- 
ent frequencies. This is a most troublesome case, as- 



cross-talk between the transmitter and receiver circuitry 
degrades the voice and signalling quality of the mobile 
station. 

It is thus an aim of this invention to provide an im- 
5 proved dual band radiotelephone that employs integrat- 
ed circuit packages for transmit and receive functions. 

It is another aim of this invention to provide an im- 
proved dual band mobile station that employs cross- 
connected transmit and receiver signal paths through 
10 integrated circuits. 

The foregoing and other problems are addressed 
by a mobile station constructed in accordance with em- 
bodiments of this invention. 

A multi-mode radiotelephone according to one as- 
15 pect of the present invention includes at least one an- 
tenna for transmitting and receiving RF signals within at 
least two frequency bands. The radiotelephone also in- 
cludes a first receiver having an input coupled to the an- 
tenna for amplifying and down -converting RF signals 
within a first frequency band and a second receiver hav- 
ing an input coupled to the antenna for amplifying and 
down-converting RF signals within a second frequency 
band. The radiotelephone further includes a first trans- 
mitter having an output coupled to the antenna for up- 
converting and amplifying RF signals within the first fre- 
quency band and a second transmitter having an output 
coupled to the antenna for up-converting and amplifying 
RF signals within the second frequency band. 

In accordance with this aspect of the invention! the 
first receiver and the second transmitter are disposed 
within a first circuit package (i.e., are cross-connected), 
and the second receiver and the first transmitter are dis- 
posed within a second circuit package and are likewise 
cross -connected. The first and second circuit packages 
may be integrated circuits or hybrid circuits. 

In a presently preferred embodiment the radiotele- 
phone also includes a first local oscillator for use with 
the first frequency band, a second local oscillator for use 
with the second frequency band : and a switch assembly 
for switchably coupling an output of either the first local 
oscillator or the second local oscillator to the first and 
second circuit packages. 

The radiotelephone also includes a first duplexer for 
coupling the first receiver and the first transmitter to the 
antenna and a second duplexer for coupling the second 
receiver and the second transmitter to the antenna. 

Optionally, switches are provided for selectively ap- 
plying operating power to only one of the first receiver 
and the second receiver while also applying operating 
so power to only one of the first transmitter and the second 
transmitter. 

According to another aspect of the present inven- 
tion, there is provided a multi-mode transceiver, com- 
prising at least one antenna for transmitting and receiv- 
es ing RF signals within at least two frequency bands; a 
first receiver having an input coupled to said at least one 
antenna for receiving RF signals within a first frequency 
band; a second receiver having an input coupled to said 
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at least one antenna for receiving RF signals within a 
second frequency band; a first transmitter having an out- 
put coupled to said at least one antenna for transmitting 
RF signals within the first frequency band; and a second 
transmitter having an output coupled to said at least one 
antenna for transmitting RF signals within the second 
frequency band; wherein said first receiverand said sec- 
ond transmitter are disposed within a first circuit pack- 
age, and. said second receiver and said first transmitter 
are disposed within a second circuit package. 

According to a further aspect of the present inven- 
tion, there is provided a transceiver, comprising at least 
one antenna for transmitting and receiving RF signals 
within at least twotrequency bands; a first local oscillator 
(LOI ) for use with a first frequency band (Bandl ); a sec- 
ond local oscillator (L02) for use with a second frequen- 
cy band (Band2); a first receiver having an input coupled 
to said at least one antenna tor amplifying and down- 
converting RF signals, within Bandl, to a Bandl first in- 
termediate frequency (IF1), the first receiver being 
switchably coupled to an output of LOI for outputting 
IF1 to be a difference frequency between the frequency 
of Bandl and the frequency of LOI; a second receiver 
having an input coupled to said at least one antenna for 
amplifying and down -converting RF signals, within 
Band2, toaBand2 first intermediate frequency (I F2), the 
second receiver being switchably coupled to an output 
of L02 for outputting IF2 to be a difference frequency 
between the frequency of Band2 and the frequency of 
L02; a first transmitter having an output coupled to said 
at least one antenna for up-converting and amplifying 
RF signals, within Bandl, to a Bandl transmitted fre- 
quency (f-rxi)' tne fi rst transmitter being switchably cou- 
pled to the output of LOI for outputting fjx! to be cen- 
teredon the frequency of LOI ; and a second transmitter 
having an output coupled to said at least one antenna 
for up-converting and amplifying RF signals, within 
Band2, to a Band2 transmitted frequency (f-rx2)» tne f' rst 
transmitter being switchably coupled to the output of 
L02 for outputting f-^ to be centered on the frequency 
of L02; wherein said first receiver and said second 
transmitter are disposed within a first integrated circuit, 
and said second receiver and said first transmitter are 
disposed within a second integrated circuit. 

According to yet another aspect of the present in- 
vention, there is provided a transceiver comprising at 
least one antenna for transmitting and receiving RF sig- 
nals within at least two frequency bands; a first receiver 
having an input coupled to said at least one antenna for 
amplifying RF signals, within a first frequency band 
(Bandl), and for outputting a Bandl first intermediate 
frequency (IF1); a second receiver having an input cou- 
pled to said at least one antenna or amplifying RF sig- 
nals, within a second frequency band (Band2), and for 
outputting a Band2 first intermediate frequency (IF2); a 
first transmitter having an output coupled to said at least 
one antenna for amplifying RF signals and for outputting 
a Bandl transmitted frequency (f-od); and a second 



transmitter having an output coupled to said at least one 
antenna for amplifying RF signals and for outputting a 
Band2 transmitted frequency (f TX 2)i wherein at least a 
portion of said first receiver and said second transmitter 
5 are disposed within a first integrated circuit, and at least 
a portion of said second receiver and said first transmit- 
ter are disposed within a second integrated circuit. 

According to a still further aspect of the present in- 
vention there is provided a multi-mode transceiver com- 
10 prising at least one antenna for transmitting and receiv- 
ing RF signals within at least two frequency bands; a 
first receiver having an input coupled to said at least one 
antenna for receiving RF signals within a first frequency 
band; a second receiver having an input coupled to said 
is at least one antenna for receiving RF signals within a 
second frequency band; afirst transmitter having an out- 
put coupled to said at least one antenna for transmitting 
RF signals within the first frequency band; and a second 
transmitter having an output coupled to said at least one 
20 antenna for transmitting RF signals within the second 
frequency band; wherein said first receiver and said sec- 
ond transmitter are cross-connected, and said second 
receiver and said first transmitter are cross-connected. 
The above set forth and other features of the inven- 
ts tion are made more apparent in the ensuing Detailed 
Description of the Invention when read in conjunction 
with the attached Drawings, wherein: 

Figure 1 is a block diagram of a mobile station that 
30 is constructed and operated in accordance with this 

invention; 

Figure 2 is an elevational view of the mobile station 
shown in Figure 1, and which further illustrates a 
35 cellular communication system to which the mobile 
station is bidirectionally coupled through wireless 
RF links; and 

Figure 3 is a schematic diagram of transmit and re- 
40 ceiver circuitry in accordance with an embodiment 
of this invention. 

Reference is made to Figures 1 and 2 for illustrating 
a wireless user terminal or mobile station 10, such as 

45 but not limited to a dual mode cellular radiotelephone or 
a persona! communicator, that is suitable for practicing 
this invention. The dual mode mobile station 10 includes 
an antenna 1 2 for transmitting signals to and for receiv- 
ing signals from a base site or base station 30. The base 

50 station 30 is a part of a cellular network comprising the 
BMI 32 that includes a Mobile Switching Center (MSC) 
34. The MSC 34 provides a connection to landline trunks 
when the mobile station 10 is registered with the net- 
work. The dual mode mobile station 1 0 is capable of es- 

55 tabtishing wireless communications using, by example, 
different modulation types (e.g., rc/4-DQPSK and FM) 
and possibly also different frequency bands (e.g., 800 
MHz AMPS or TDMA and 1900 PCS). Digital TDMA, 
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digital CDMA, hybrid TDMA/CDMA, and duplex analog 
FM mobile stations are all within the scope of the teach- 
ing of this invention. 

As such, the mobile station 10 may include a dual 
mode modulator (MOD) 14a, transmitter 14, receiver 1 6, 
demodulator (DEMOD) 16a. A controller 18 provides 
signals to and receives signals from the transmitter 14 
and receiver 16, respectively. These signals include sig- 
nalling information in accordance with the air interface 
standard of the applicable cellular system, and also user 
speach and/or user generated data. 

A user interface includes a conventional earphone 
or speaker 1 7, a conventional microphone 1 9, a display 
20, and a user input device, typically a keypad 22, all of 
which are coupled to the controller 18. The keypad 22 
includes the conventional numeric (0-9) and related 
keys (#,*) 22a, and other keys 22b used for operating 
the mobile station 10. These other keys 22b may in- 
clude, by example, a SEND key, various menu scrolling 
and soft keys, and a PWR key. 

The mobile station 10 also includes various memo- 
ries, shown collectively as the memory 24, wherein are 
stored a plurality of constants and variables that are 
used by the controller 1 8 during the operation of the mo- 
bile station. For example, the memory 24 stores the val- 
ues of various cellular system parameters and the 
number assignment module (NAM). An operating pro- 
gram for controlling the operation of controller 1 8 is also 
stored in the memory 24 (typically in a ROM device). 
The memory 24 may also store data, including user 
messages, that is received from the BMI 32 prior to the 
display of the messages to the user. The mobile station 
10 also includes a battery 26 for powering the various 
circuits that are required to operate the station. 

It should be understood that the mobile station 10 
can be a vehicle mounted or a handheld device. It 
should further be appreciated that the mobile station 10 
can be capable of operating with one or more air inter- 
face standards, modulation types, and access types. By 
example, the mobile station may be capable of operat- 
ing with any of a number of standards including IS-91, 
IS-136, GSM, DECT, PCS, UMTS, FPLMTS and IS-95. 
Narrow-band AMPS (NAMPS), as well as TACS, mobile 
stations may also benefit from the teaching of this in- 
vention. It should thus be clear that the teaching of this 
invention is not to be construed to be limited to any one 
particular type of mobile station or air interface standard. 

Reference is now made to Figure 3 for illustrating 
in greater detail the transmitter 14 and receiver 16 cir- 
cuitry shown in Figure 1 . 

Figure 3 illustrates a dual band transmitter/receiver 
(transceiver) portion of the mobile phone 10. Although 
described in the context of two frequency bands, the 
teaching of this invention can be readily extended to 
three or more frequency bands. The signal for Bandl is 
received by the antenna 12. The antenna 12 is shown 
' as two antennas 1 2a and 1 2b which can be switched by 
switch 13 when the transceiver band is changed. A sin- 



gle wideband antenna can also be used, thereby elimi- 
nating switch 13. The received Bandl signal is passed 
through a Bandl duplexer 1 5a to a Bandl low noise am- 
plifier (LNA) 30. The output of the LNA 30 is applied to 
5 a bandpass filter 32 and then to an RF down-conversion 
mixer 34. The mixer 34 is fed a first local oscillator (LOI ) 
signal through a buffer 36. The input of buffer 36 is de- 
rived from a LO switching arrangement 38. The output 
of mixer 34 is a first intermediate frequency (IF) signal 
w that is applied to an IF buffer 40 which provides an out- 
put to an IF bandpass filter 42. The mixer 34 operates, 
to down-convert the received Bandl signal to the first 
IF, which is equal to a difference frequency between 
Bandl and LOI. The Band2 receive circuitry 30a, 32a, 
75 34a, 36a and 40a operates identically except for using 
a second local oscillator (L02) frequency. 

It should be noted that the Bandl and Band2 re- 
ceive circuitry is disposed in separate integrated circuit 
packages 29a and 29b. 
20 in accordance with this invention the Bandl trans- 
mitter up-conversion mixer 44 is located in the integrat- 
ed circuit package 29b that contains the Band2 receive 
circuitry. In like manner, the Band2 transmitter up-con- 
version mixer 44a is located in the integrated circuit . 
2S package 29a that contains the Bandl receive circuitry. 
In this manner the Bandl and Band2 circuits are con- 
sidered to be "cross-connected", thereby eliminating 
signal cross-talk between the transmit and receive cir- 
cuitry during duplex operation. That is, if the Bandl 
30 down-conversion mixer 34 and the Bandl up-conver- 
sion mixer 44, along with their associated amplifiers, 
were located in the same integrated circuit package, un- 
desirable signal cross-talk could exist between these 
circuits during duplex operation (i.e., during the simul- 
35 taneous use of the receiver and transmitter circuitry). 
The same applies to the Band2 circuitry. The teaching 
of this invention overcomes these problems by cross- 
connecting the circuitry as is shown in Figure 3. 

Continuing now with the discussion of the transmit- 
40 ter circuitry, the transmit path for Bandl includes a LOI 
buffer 46 which feeds the buffered LOI injection signal 
to the up-conversion mixer 44. A modulating input signal 
(MOD) obtained from block 14a in Figure 1 , represent- 
ing speech, data, and/or signalling information, is ap- 
4$ plied to a second input of the up-conversion mixer 44. 
An output of mixer 44 is applied to a buffer amplifier 48 
which has an output connected to an output terminal of 
the integrated circuit 29b. The buffered Bandl signal is 
next applied to a Bandl power amplifier section that in- 
so eludes a bandpass filter 50, a buffer amplifier 52, a var- 
iable gain amplifier (VGA) 54, and power amplifiers 56 
and 58. The output of the power amplifiers is a Bandl 
transmitted frequency f TX1 that is applied to the Bandl 
duplexer 1 5a and thence to the appropriate antenna 1 2a 
55 or 1 2b. The Band2 transmit circuitry is constructed iden- 
tically, except for the use of L02 for the up conversion 
mixer 44a and the use of the Band2 duplexer 15b. 

Also shown in Figure 3 are power switching circuits 
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60a and 60b for selectively supplying operating power 
tothe Bandl and Band2 circuits located in the integrated 
circuits 29a and 29b, it being assumed for this embodi- 
ment that separate power terminals are provided for the 
receive and transmit sections. In this manner the mobile s 
station 10 powers down or powers off the transmitter 
and receiver circuitry of the frequency band that is not 
currently being used. 

Although described in the context of preferred em- 
bodiments, it should be realized that a number of mod- w 
ifications to these teachings may occur to one skilled in 
the art. By example, and as was discussed above, the 
teaching of this invention applies to multi-mode devices 
capable of operation in two or more frequency bands. 
Also, the teaching of this invention is not restricted for is 
use with transceiver integrated circuits, but can be ap- 
plied as well to hybrid circuit packages, such as those 
wherein discrete integrated circuit chips are mounted to 
an insulating substrate and interconnected using thick 
film or thin film conductive traces. Also, the contents of 20 
the integrated circuit packages are illustrative. In other 
embodiments of this invention more or less than the 
number and types of circuit components may be em- 
ployed. By example, the LO buffer amplifiers 36 and 46 
could be provided external to the package. Also, al- 25 
though described in the context of handheld or vehicle 
mounted mobile station, it should be appreciated that 
the teaching of this invention applies as well to dual 
mode radiotelephone apparatus that is integrated into 
other components, such as wireless modems and fac- 30 
simile devices, as well as to PCMCIA modules and the 
like intended for installation use with data processors. 

It-should be further noted that while the invention 
has been described in the context of two separate local 
oscillator signals (LOI and L02), it is within the scope 35 
of the teaching of this invention to employ a single local 
oscillator that can be used for both bands. 

It is also within the scope of the teaching of this in- 
vention to employ a direct conversion or a direct modu- 
lation architecture wherein, for example, the RF carrier 40 
is directly mixed with audio or signalling information prior 
to transmission, thereby eliminating the requirement for 
the up-conversion mixer in the transmitter path. In such 
a system the down -conversion mixer may also be elim- 
inated, thus making the first IF essentially the same as is 
the received RF. 

Thus, while the invention has been particularly 
shown and described with respect to preferred embod- 
iments thereof, it will be understood by those skilled in 
the art that changes in form and details may be made so 
therein without departing from the scope of the inven- 
tion. 



Claims ss 

1. A multi-mode transceiver comprising: 



at least one antenna (12; 12a, 12b) for trans- 
mitting and receiving RF signals within at least 
two frequency bands (Band 1, Band2); 

a first receiver (30,34) having an input coupled 
to said at least one antenna for receiving RF 
signals within a first frequency band (Bandl); 

a second receiver (30a,. 34a) having an input 
coupled to said at least one antenna for receiv- 
ing RF signals within a second frequency band 
(Band2); 

a first transmitter (44, 46, 48) having an output 
coupled to said at least one antenna for trans- 
mitting RF signals within the first frequency 
band; and 

a second transmitter (44a, 46a, 48a) having an 
output coupled to said al least one antenna for 
transmitting RF signals within the second fre- 
quency band; wherein 

said first receiver and said second transmitter 
are disposed within a first circuit package (29a), 
and said second receiver and said first trans- 
mitter are disposed within a second circuit 
package (29b). 

2. A transceiver as set forth in claim 1 : wherein said 
first and second circuit packages are integrated cir- 
cuit packages. 

3. A transceiver as set forth in claim 1 . wherein said 
first and second circuit packages are hybrid circuit 
packages employing at least one of thick film or thin 
film interconnects. 

4. A transceiver as set forth in any preceding claim, 
further comprising: 

a first local oscillator (LOI) for use with the first 
frequency band; 

a second local oscillator (L02) for use with the 
second frequency band; and 

means (38) for switchably coupling an output of 
either the first local oscillator or the second lo- 
cal oscillator to the first and second circuit pack- 
ages. 

5. A transceiver as set forth in any preceding claim, 
further comprising: 

a first duplexer (15a) for coupling said first re- 
ceiver and said first transmitter to said at least 
one antenna; and 
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a second duplexer (15b) for coupling said sec- 
ond receiver and said second transmitter to 
said at least one antenna. 

6. A transceiver as set forth in any preceding claim, 
further comprising: 

a first switch means (60a) for selectively apply- 
ing operating power to only one of said first re- 
ceiver and said second receiver; and 

a second switch (60b) means for selectively ap- 
plying operating power to only one of said first 
transmitter and said second transmitter. 

7. A transceiver as claimed in any preceding claim, 
wherein the first and second receivers amplify and 
down-convert RF signals and the first and second 
transmitters up-convert and amplify RF signals. 

8. A transceiver as claimed in claim 7, wherein: 

the first receiver amplifies RF signals, within a 
first frequency band (Bandl), and outputs a 
Bandl first intermediate frequency (IF1); 

the second receiver amplifies RF signals, within 
a second frequency band (Band2), and outputs 
a Band2 first intermediate frequency (IF2); 

the first transmitter amplifies RF signals and 
outputs a Bandl transmitted frequency (fjxi); 
and 

the second transmitter amplifies RF signals and 
outputs a Band2 transmitted frequency (f-n<2)» 

9. A transceiver, comprising: 

at least one antenna (12, 12a, 12b) for trans- 
mitting and receiving RF signals within at least 
two frequency bands; 

a first local oscillator (LOI ) for use with a first 
frequency band (Bandl); 

a second local oscillator (L02) for use with a 
second frequency band (Band2); 

a first receiver (30, 34) having an input coupled 
to said at least one antenna for amplifying and 
down-converting RF signals, within Bandl , to 
a Bandl first intermediate frequency (IF 1 ), the 
first receiver being switchably coupled to an 
output of LOI for outputting IF1 to be a differ- 
ence frequency between the frequency of 
Bandl and the frequency of LOI ; 



a second receiver (30a, 34a) having an input 
coupled to said at least one antenna for ampli- 
fying and down-converting RF signals, within 
Band2, to a Band2 first intermediate frequency 
5 (IF2), the second receiver being switchably 

coupled to an output of L02 for outputting IF2 
to be a difference frequency between the fre- 
quency of Band2 and the frequency of L02; 

io a first transmitter (44, 46, 48) having an output 

coupled to said at least one antenna for up-con- 
verting and amplifying RF signals, within 
Bandl, to a Bandl transmitted frequency 
(fjxi )• tne fi rs * transmitter being switchably cou- 

15 pled to the output of LOI for outputting f-pxi to 

be centered on the frequency of LOI ; and 

a second transmitter (44a, 46a, 48a) having an 
output coupled to said at least one antenna for 
20 up-converting and amplifying RF signals, within 

Band2, to a Band2 transmitted frequency 
(f TX 2). tne f' rst transmitter being switchably cou- 
pled to the output of L02 for outputting f-p^ to 
be centered on the frequency of L02; wherein 

25 

said first receiver and said second transmitter 
are disposed within a first integrated circuit, and 
said second receiver and said first transmitter 
are disposed within a second integrated circuit. 

30 

10. A transceiver comprising: 

at least one antenna for transmitting and receiv- 
ing RF signals within at least two frequency 
35 bands; 

a first receiver having an input coupled to said 
at least one antenna for amplifying RF signals, 
within a first frequency band (Bandl ), and for 
40 outputting a Bandl first intermediate frequency 

(IF1); 

a second receiver having an input coupled to 
said at least one antenna for amplifying RF sig- 
45 nals, within a second frequency band (Band2), 

and for outputting a Band2 first intermediate 
frequency (IF2); 

a first transmitter having an output coupled to 
50 said at least one antenna for amplifying RF sig- 

nals and for outputting a Bandl transmitted fre- 
quency (f-rxi)» and 

a second transmitter having an output coupled 
55 b to said at least one antenna for amplifying RF 

signals and for outputting a Band2 transmitted 
frequency (fjx2)'- wherein 
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at least a portion of said first receiver and said 
second transmitter are disposed within a first 
integrated circuit, and at least a portion of said 
second receiver and said first transmitter are 
disposed within a second integrated circuit. s 

11. A multi-mode radiotelephone comprising a trans'- 
ceiver as claimed in any preceding claim. 

12. A multi-mode mobile station comprising a transceiv- to 
er as claimed in any of claims 1 to 10. 

15 
20 
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(57) A multi-mode radiotelephone (10) includes at 
least one antenna (12) for transmitting and receiving RF 
signals within at least two frequency bands. The radio- 
telephone also includes a first receiver (30, 34) having 
an input coupled to the antenna for amplifying and 
down -con verting RF signals within a first frequency 
band and a second receiver (30a, 34a) having an input 
coupled to the antenna for amplifying and down-con- 
verting RF signals within a second frequency band. The 
radiotelephone further includes a first transmitter (44, 
46, 48) having an output coupled to the antenna for up- 
converting and amplifying RF signals within the first fre- 
quency band and a second transmitter (44a, 46a, 48a) 
having an output coupled to the antenna for up-convert- 
ing and amplifying RF signals within the second fre- 
quency band. In accordance with this invention the first 
receiver and the second transmitter are disposed within 
a first circuit package (29a), and the second receiver 
and the first transmitter are disposed within a second 
circuit package (29b). The first and second circuit pack- 
ages may be integrated circuits or hybrid (e.g., thick or 
thin film) circuits. 



FIG. 3 2Qa 



At — 



60a ^ 



Rx-POWER 




Printed by Jouve, 75001 PARIS (FR) 



BNSDCCID: <EP 0823790A3J_> 



EP 0 823 790 A3 




European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 97 30 5918 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of relevant pearagos 



Relevant . 
to claim 



CLASSIFICATION OF THE 
APPLICATION (Sm.Cl.6) 



EP O 5S1 573 A (NOKIA MOBILE PHONES LTD) 
2 February 1994 ( 1994-02 -G2) 
abstract; figure 1 * 

EP 0 678 974 A (NOKIA MOBILE PHONES LTD) 
25 October 1995 (1995-19-25) 
* abstract; figure 2 * 



1,9 



1,9 



HG4B1/40 



TECHNICAL RE IDS 
SEARCHED W.CIJB) 



H04B 
HG4Q 



The present search report has been drawn up tor eJI claims 



Place of teaich 

MUNICH 



Oate ot completion at the aoaich 

7 November 2002 



Kolbe, W 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant 9 token atone 

Y : partiou ton/ relevant 9 oombtoed with anoth *r 

document off the eexrte category 
A : taohnotofltooi batfcc"*rad 
O '■ noo-wrttten dejotoaure 
P i Intermediate document 



T: theory or principle underlying the invention 
E : eartiec patent document, but put*»hed on, or 

after the fling dole 
D i dooument ofeed in the eppCoa toti 

L: 



& : member of the eame patent family, oorre spending 
dooument 



2 



BNSDOCID: <EP. 



_0823790A3J_> 



EP 0 823 790 A3 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 97 30 5918 



This annex lists the patent family members relating to the patent documents a ted in the above-mentioned European search report. 
The members are as contained in the European Patent Office EDP file on 

The European Patent Office is in no way liable far these particulars which are merely given tor the purpose of information. 

07-11-2002 



Patent document 
cited in search report 



Publication 
date 



Patent family 
members) 



Publication 
data 



EP 0581573 



02-02-1994 



FI 

OE 
DE 
EP 
JP 
JP 
US 



923412 A 
69322909 01 
69322009 T2 
0581573 Al 
3310057 B2 
6209235 A 
5471652 A 



29-01-1994 
17-12-1998 
12-05-1999 
02-02-1994 
29-07-2002 
26-07-1994 
28-11-1995 



EP 0678974 



25-10-1995 



F] 

EP 



941862 A 
0678974 A2 



22-10-1995 
25-10-1995 



6 



w For more details about thia annex : see Official Journal of the European Patent Offioe, No. 1 2/82 



BNSQOCID: <EP. 



_0823790A3_I_> 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



